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(57) ABSTRACT 

The present invention relates to aqueous ink that exhibits 
characteristics based on cationic self-dispersing carbon 
black, and that has superior ejection stability even after 
suspension of printing. The aqueous ink includes cationic 
self-dispersing pigment, in Which at least one cationic group 
is bound to the surface of the pigment directly or With 
another atomic group therebetWeen, a Water-soluble organic 
solvent, and Water. In addition to this, the aqueous ink 
contains an acidic compound including a proton in the 
structure thereof that can be dissociated due to dissolution 
into Water, and having a dissociation stage of the proton With 
a dissociation constant of less than 1. 

22 Claims, 18 Drawing Sheets 



U.S. Patent Mar. 16, 2004 Sheet 1 6f 18 US 6,706,105 B2 

13 14 16 



U.S. Patent Mar. 16, 2004 Sheet 2 6f 18 US 6,706,105 B2 

FIG.3 



U.S. Patent Mar. 16, 2004 Sheet 3 6f 18 US 6,706,105 B2 

F164 

F|G.5 

If 



U.S. Patent Mar. 16, 2004 Sheet 4 6f 18 US 6,706,105 B2 

F|G.6 

FIGT 

82 

84 

83 

&\ \ \\\\\\ \\\\\\ \\\\Q\\\\ 



U.S. Patent Mar. 16, 2004 Sheet 5 6f 18 US 6,706,105 B2 

FIGS 



U.S. Patent Mar. 16, 2004 Sheet 6 6f 18 US 6,706,105 B2 

FIG9 



U.S. Patent Mar. 16, 2004 Sheet 7 6f 18 US 6,706,105 B2 

FIG. I0 

940 936 832 935a 935 

l \\/ 
r 4n4rwa¢wwmunmurwwwlrmm 

933 



U.S. Patent Mar. 16, 2004 Sheet 8 6f 18 US 6,706,105 B2 



U.S. Patent Mar. 16, 2004 Sheet 9 6f 18 US 6,706,105 B2 

FIGIZ 

832a “— 

T1 

832D C 



U.S. Patent Mar. 16, 2004 Sheet 10 0f 18 US 6,706,105 B2 

F | G. | 4 

N2 1337 1338 

7__ 
x XV 

N1 \ f 931 J 

936 



U.S. Patent Mar. 16, 2004 Sheet 11 6f 18 US 6,706,105 B2 

F l G. I 5 

1 “41a 935a 935 

934 1338 

F | G. l 6 

1a 
1141a 

935a 935 

10’! 93'] I 1338 934 



U.S. Patent Mar. 16, 2004 Sheet 12 6f 18 US 6,706,105 B2 

F I G. I 7 

la 

1141a 
935a 1;; 935a 935 

‘:1’: 3 

101 93'] I 1338 934 



U.S. Patent Mar. 16, 2004 Sheet 13 6f 18 US 6,706,105 B2 

FlGla 

Ia 

102 “Ma / < 
FC 

1338 934 



U.S. Patent Mar. 16, 2004 Sheet 14 6f 18 US 6,706,105 B2 

FIG.|9 

“41a 935a 935 

L / ( 

1 



U.S. Patent Mar. 16, 2004 Sheet 15 6f 18 US 6,706,105 B2 

FIGZO 

1141a 935a 935 

/ l 

I 1338 934 



U.S. Patent Mar. 16, 2004 Sheet 16 6f 18 US 6,706,105 B2 

FIGZI 

1141a 935a 935 

1 / \ 

1e I ‘1338 934 



U.S. Patent Mar. 16, 2004 Sheet 17 6f 18 US 6,706,105 B2 

FIG. 22 

Id 5.1"?) 1d 1141a 935a 935 

Ic 931 I 1338 934 



Sheet 18 0f 18 US 6,706,105 B2 U.S. Patent Mar. 16, 2004 



US 6,706,105 B2 
1 

AQUEOUS INK, INK-J ET RECORDING 
METHOD, RECORDING UNIT, INK 
CARTRIDGE, INK SET, AND INK-J ET 

RECORDING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a aqueous ink, in 
particular, a aqueous ink suitable for ink-jet recording. The 
present invention also relates to an ink-jet recording method, 
a recording unit, an ink cartridge, an ink set, and an ink-jet 
recording apparatus. 

2. Description of the Related Art 
Regarding the ink-jet recording system, recording is per 

formed by generating ink droplets by various ink ejection 
system, and by attaching the ink droplets to a recording 
material, for example, paper, so as to form ink dots. 
Examples of the ink ejection system include an electrostatic 
attraction system due to application of high voltage, a 
system in Which mechanical vibration or displacement is 
applied to ink using a pieZoelectric element, and a system in 
Which the pressure of bubbling due to heating of ink. 
According to the ink-jet recording method, noise is reduced, 
and high-speed printing and multicolor printing can be 
performed. 

Inks used for this method are required to perform so that, 
for example, images produced With the inks have high 
de?nition and have no feathering and no bleeding, and have 
excellent fastness, Water resistance, rub resistance, etc. 

In particular, a black ink should preferably be able to print 
characters Which are excellent in quality, such as sharpness 
thereof, optical density and reproducibility of black color, 
since the primary use of the black ink is printing characters. 

HoWever, the black ink using a Water-soluble dye is 
insufficient in Water resistance and reproducibility of black 
color. Therefore, carbon black has been used as the coloring 
material. In order to use the carbon black as a Water-soluble 

ink, hoWever, it is necessary to stably disperse it in an 
aqueous medium. In Japanese Patent Laid-Open No. 
3-210373, a method in Which a Water-soluble resin is used 
as a dispersing agent has been disclosed. As described 
above, in general, dispersion has been performed using the 
dispersing agent. 

HoWever, When inks using the aforementioned dispersing 
agents are used for ink-jet recording, clogs and non-ejection 
of the inks may occur depending on the resins constituting 
the dispersing agents. Furthermore, since aqueous pigment 
inks using the dispersing agents are viscous, there has been 
a problem in that sometimes, ejection became unstable 
during a long term of continuous ejection and high-speed 
printing. 
On the other hand, in order to solve the aforementioned 

problems, dispersion methods Without using dispersion 
agents have been disclosed in Japanese Patent Laid-Open 
No. 5-186704, Japanese Patent Laid-Open No. 8-3498, 
International Patent Publications WO96/18688, WO96/ 
18689, and WO96/18696. These are methods in Which 
Water-soluble groups are introduced on the surface of the 
carbon black so as to stably disperse in aqueous media. 
Self-dispersing carbon black is cationically or anionically 
charged depending on the hydrophilic group on the surface 
thereof, has dispersibility in Water due to repulsion of the 
ions thereof, and has improved hydrophilicity due to the 
hydrophilic group. As a consequence, the pigment ink stably 
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2 
dispersed in an aqueous medium during a long period of 
storage can be produced. An aqueous black ink using this 
carbon black as the coloring material provides excellent 
character quality and high image density, and the formed 
image has excellent Water resistance, rub resistance, etc. 
Among the aforementioned publications, in International 

Patent Publications WO96/18688, WO96/18689, and 
WO96/18696, the carbon black having a cationic hydro 
philic group is disclosed. In particular, ink for ink-jet using 
cationic carbon black as a coloring material is disclosed in 
International Patent Publication WO96/ 18695. Furthermore, 
it is disclosed in Japanese Patent Laid-Open No. 10-183046 
that bleeding betWeen colors can be prevented by the 
combination of a black ink using the aforementioned cat 
ionic carbon black as a coloring agent and a color ink 
including an anionic material. 

In the aforementioned publications, for example, Interna 
tional Patent Publication WO96/18696, it is described that 
an ink including self-dispersing carbon black containing an 
amine as a surface functional group is preferably made to be 
acidic in order to stabiliZe the dispersion state of the carbon 
black in the Water. 

SUMMARY OF THE INVENTION 

In the present invention, it Was discovered that not only in 
an ink including self-dispersing carbon black having an 
amine as a surface functional group, but also in an ink 
including self-dispersing carbon black having a cationic 
group as a surface functional group, the dispersibility of the 
self-dispersing carbon black in the ink could be further 
stabiliZed by controlling the pH thereof to be on the acidic 
side. When the pH of an ink including the cationic self 
dispersing carbon black Was controlled to be acidic, dispers 
ibility of the carbon black Was further stabiliZed. The reason 
for this is believed that the cationicity of the carbon black is 
stably maintained in the ink, and coagulation is not likely to 
occur due to electrical repulsive forces betWeen the carbon 
black particles. 

According to further research leading to the present 
invention, it Was made clear that there Was a technical 
problem that had to be solved in order to further stably form 
high quality images using an ink including cationic self 
dispersing black. That is, When documents and images 
having blank portions are printed using the aforementioned 
ink, there Were periods during Which ejection of the ink from 
a noZZle is temporarily suspended in response to the blank. 
Thereafter, at the time of resumption of ink ejection, there 
Were sometimes problems in that the ink to be ejected Was 
not ejected, and ink ejection Was ?uctuated. 

Accordingly, it is an object of the present invention to 
provide aqueous ink, Which exhibits characteristics based on 
cationic self-dispersing carbon black, that is, for example, in 
an ink-jet recording apparatus, an image has high character 
quality and high image density, and furthermore, bleeding 
betWeen anionic color ink and the aqueous ink is reduced, 
and Wherein the ink has superior ejection stability even after 
temporary suspension of printing. 

It is also an object of the present invention to provide an 
ink-jet recording method Which can stably produce high 
quality prints. 

It is also an object of the present invention to provide an 
ink-jet recording apparatus, a recording unit, and an ink 
cartridge, Which can stably form high quality prints. 

It is also an object of the present invention to provide an 
ink set Which can be used for forming high quality prints. 
The present invention is based on research on various inks 

in consideration of the aforementioned objects. 




























